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TITLE OF THE INVENTION 

SE?«ICDN»UCTaH ISTE08ATED CIRCUIT WITH MIXED QATE miAY 
Am STJSHDASD CELL 

5 

BACKGROOKP OF TH E INVENTXQIS 

1. Field of the la^earion 

The present invention relates to an i»t^^rated circuit 
10 uaing a standard c^ell design methodology in which gate 

array basic cells are mixedly-aioimted on a circuit which is 
conatriicted hy use of standard cells. 

2. Degc ripticn of the Prior Art; 

15 A fulcustoffl IC is suitable for the case where hleh 

performance ICs are mass-produced* but it has such a 
dlsadvahtasre that a period of time rsquired from daslgrxi 
process to manufacture process is long* On the contrary* a 
samicustois IC is guitafele for the case where a user- 

20 oriented LSI should be devialoped in a short period of tlxae 
if patterns of the logic cells, etc. ara executed according: 
to design automation (DA) by using a computer* Sometixft^s 
design autoiiaation by using: the coiaputer can be Introduced 
into the fulcustoia design* In thiB case, mainly such 

25 automation is applied to prediction of circuit operation 
and pattern verlf Icatlon. Standardisation of deaig-n 
automation has not been carried out in other design aspects 
and therefore the designer has proceeded circuit deaigti in 
an interactive mrnin^r with manual intervention, i*e., so* 

30 eallsd computer-aidad design approach has been introduced, 
MekBwhlle, the semi custom approach le design 
automtlon by use of the computer because deslg:n techniques 
a^TB staadatdlsed, and the gate array desigrn methcdolojjy and 
the statidard cell design methodology hav« boen known. 

35 According to the gate array design methodology, a mastf^r 
chip oti. which basic cells are arranged in a matrix form is 
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prepared in advance ^ then only metal wiring- layer design on 
the basic c^lls is executed^ and then the user oriented LSI 
can be developed in a short period of tixae by laying: wiring 
connection of the metal ^^iring layers* Factors to enable 
5 development of the g^ate array In a short period of time are 
(a) the jianufaeTuring step is only a wiring' step for the 
metal wiring layers (b) packagrinig and evaluation term is 
short sine^ chip size, number of pads, etc* are determined 
prerionsly; and (c) verification of function can be 

10 conducted quickly and troubles due to miss can be reduceti 
siualler since verified cells are used and LSIs are designed 
and logically verified by means of design automation. 

While » the standard cell design methodology is 
resemble !to the irare array design methodology in a respect 

15 that the :integ:rated circuit to satisfy desired logical 

functions^ can be achi&ved fay use of a cell library in which 
inforssatibn of the cells being designed and verified 
jsanuaXly or by the coELputet in advance are stored. 
However, usually the cells used in the standard cell 

20 architecture have logical functions like a simple logric 
gate and a flip-flop, and in many cases have rectangular 
patterns with a uniform height H and widths W, the width W 
1$ set to be variable greometrlcally. A$ shown in FIG.l, 
normally the standard cells (SCI, SC2. SC3. SC4, SCS ) 

20 100 are nWer spread all over the surface of the chip 101. 
In other words, wiring- channel regions in which the metal 
wlrinjgrs to connect the standard cells 100 are formed 
between device rows on the chip 101. The empty space .102 
in which no standard cell 100 is arranged still remain in 

30 each device row as regions in which no f unctional device 
such as transistor 1;^ formed and which is used only to foria 
the metal ; wirings. 

In the integrated circuit bein^ constructed by use of 
such standard cells, when desii^ chan^^ is needed due to 

35 circuit change, etc*, only the metal wirings may be 
modified linie^as the number of transistors and the 
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Gonf igii^ration are still not changed, but further 
transisrtors must be added newly If extra transistors are 
needed. In this case, desi^ change cannot be satisfied 
only by changing^ the metal wiring's and thus preceding stops 
5 rather than the last few wiring steps in the fabrication 
process* i,e., selective ion --implantation steps to form 
diffusion layers of the source/drain reg^ions constitutini? 
the transistor, CVD step and RIE step to form the 
polysillcon layer ^ must be changed. Of course • change of 
10 the mask patterns used in these steps is also added to such 
change of steps. Therefore, if the circuit change with 
additional arrangsiaent of the transistors is demanded, turn 
around time of the LSI using the standard cell approach is 
extended. 

15 On? the contrary, the grate array design style is a 

desiOT in which a desirsd circuit Is constructed by 
providiiii? the wiring's to the basic cells which are arranged 
re^larly and fixedly on the matrix. The basic cells used 
in the i^ate array approach are identical cells which haV6 

20 BO loffic function by themselTes. sttcple logic cells such as 
simple gates, flip-flop » etc. which are formed by 
connecting one or plural basic cells simply, and the like. 
In the integrated circuit usin^ such ^ate array deslgizx 
style, especially the circuit called "as whole surface 

25 spread-pysr type", the uniform transistor array are 
arranged all over the chip surface lu advance and then 
various* circuits can be constructed with the use of a part 
of the iarray- In the gate array architecture* like the 
standard cell architecture, the transistors not used also 

30 remain as they are. Therefore, if the circuit change is 
demanded* such circuit change can be treated only by 
chan^lnigr the laetal wirings while using: such unused 
transistors, in addition, since a master-slice prepared 
previously is used in the g^ate array chip » a term for last 

35 few maniufacturingr steps of joaetal wirings is required, so 
that th<^ circuit can be derelop^d in a short period of 
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tlaie» Sowever, since only the basic cells being: prepared 
beforehand can he used upon design of the circuit in the 
^ate arr^y design, there has been such a disadvantage that 
a marg:ln in circuit desigsi is limited » for example, the 
5 size of J:h8 trausistors cannot be reduced. 

Mempry, CPU acre, ALU, A/D converter, D/A converter/ 
display,; and various I/O circuits are included alinost 
surely in the large scale circuit system. And as the 
circuit &cale is made huge, the necessity to mount such 
10 subsystems on the same chip arisen. Hence, recently 
memory/lp^ic mixedly mounting desigDi methodology, 
analo^e/di^ital mixedly mounting desi^ methodology, etc. 
becoEie important. For this reason, there have been 
developed a composite ^ate array in which meiaory leased 
IS reg:lons are provided in a part of the master chip, or "an 
embedded, array*' in which manufacturing of the substrate and 
design of the gate array portion can be advanced 
simultaneously by combiningr a logic circuit area con^lstinjf 
of the cfeannelless gate array and the largre capacity memory 
20 or the pi^ocessor core on the same chip* This array Is 

highly observed recently since the lnteg:ratlon density and 
flexibility like the standard cell caji be obtained and the 
development t^rm can b« shortened like the g-ate array. in 
FIG. 2, a case is shown wherein the channelless type gats 
.23 array region 221 and the channelless type standard cell 
region 22f2 together with a megacell 213 and mogafunctions 
211. 212 ^are formed on the chip 201. The "megacell 213'' 
nseans the' cell which has fixed layout pattern of the cell, 
and the representative meg'acsll is memory such as HOM or 
30 RAM, multiplier, etc- whose perfonnanoe depends on the 
layout* ;rhe ^^megrafunctions 211, 212" means the circuit 
which oani: be impleinented by combination of macroceils on 
the layout though it is treated theoretically as a lump of 
cells, and the representative meyaf unction is ALU, CPU 
3S core, etc:, whose chip integ-rai^ion decree is affected by 

connection relationship between the megrafunction and other 
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blocks. The ckannelless type eare i^rray region 221 is a 
gate array reg;loa in which the wiring channel region is 
eliminatad, the ^ate array is sfpread over the whole logic 
circuit^ area 221, and the basiic cell can be used as either 
5 th$ wiring's or fimctioRal block according to the demand. 
The Ghannelless type standard cell region 222 is a region 
in which the wiring channel region is eliminated and the 
standard cells is spread over the whole lo^ic circuit area 

222, 

iO As stated abov^, in the iuteg^rated circuit usin^ the 

standard cell architecture in the prior art. if the circuit 
change with additional arr^ngrement of the transistors is 
.^^ demanded > ^pre-sta^e-steps" of all step$ to manufacture the 

^ Inta^rat^d circuit, which need a long period of time 

fl IS nec^&ssary for process such as formation of the source/drain 

?; diffusion layers or the gate polysillcon layer, must be 

Q changed/ As a result* for exai^ple^ though the loetal wiring' 

W step takes about two days, normally '*pre-'Stage-fii:eps" 

ineludini^ the diffusion step applied below the metal wiring 
Li, 20 layer take more than sev^n days, 

flj In contrast, in the Int^grratsd circuit using the g:ai;e 

J^^ array architecture in the prior art, since desl^ chang-e 

% can be effected only by ehanglng^ the wirings, there has 

SI been sucfe an advantage that the circuit change can be 

25 easily carried out> Conversely, since the basic cells used 
are simple, a margrin in circuit design is low rather than 
the standard cell layout. For this reason ; in the 
Integrated circuit using: the gate array layout, there have 
been disadvantages that circuit d6sig:n becomes difficult 
30 and sometimes it becomes difficult to achieve desired 

circuit performance. For Instance, such a disadvantai^e is 
caused that, if it is desired to reduce power consumption 
In the particular circuit, excessive current are passed 
because the sizes uf the transistors are fixed. 
35 Thes;e problems are caused siiuilarly in the embedded 

array sho^ in FIC.2, Even the region 222 in which the 
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standard cells are spread all over the logic circuit area 
and the region 221 in which the gate arrays is spread all 
over the logic circuit area cannot be escaped from natural 
performances and characteristics of the standard cells and 
the ^atc array, and therefore they cannot overcome the 
natural; problems included in the conventional cells at all. 

SUMMARY OF THE INVENTION 

Therefore, the present invention has bssen made in view 
of the above circumstances and It is an object of the 
present invention to provide an integrated circuit usln^ a 
standard cell architecture capable of executing* 
modification of call arrangement, wirings, and circuit 
easily on a chip and achieving shortening of development 
period* 

It' iB a concrete object of the present invention to 
provide an integrated circuit usins: a sttandard cell 
architecture capable of executing easily circuit 
modification such as increase/decrease of driving 
capability of the circuit, increase/decrease of power 
consumption, etc. In the circuit and being manufactured In 
a shorr. period of time. 

In order to achieve the above objects, a first feature 
of the present invention is a semicustoia integrated circuit 
comprising: a plurality of cell rows, in each row a 
plurality of standard cells are arranged, and grate array 
basic ciells formed in empty spaces of a predetermined cell 
row out; of the plurality of cell rows. \Yhere the cell row 
is of course constructed by arranging a plurality of 
standard cells with the empty space. Respective standard 
cells are formed on a basis of a rectangular pattern region 
having a predetermined uniform heig-ht H and a predetermined 
width W. That is, an outer shape of the standard cell is 
the rectangular pattern region of (height H)x (width W) . 
The width W of the rectangular pattern is variable and can 
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I. 

take various values. It is preferable that th& ^ate array 
basic cells formed in empty spaces of the standard cells 
are farmea on a bas^s of a rectangular pattern having' a 
predetermined widta W and a height H substazitially 
5 Identic^ to that of title standard cells since the wiring: 
can be made easy. The wording ^'on a basis of a rectangular 
pattern^ means that the outer shape of the ^ate array basic 
Gell takes the rsctan^lar pattern shape of (height 
H)x (width W) apart from the shapes of transistors* etc. In 
10 the cell. The ^ate array basic cell may t?e foraied not only 
in the empty spaces of the standard cells but also the 
wiring channel re^^lon.^ between the plurality of cell rows. 
In addition, if an Integration decree of LSI chip will be 
increased, the gate array basic cells may be formed in the 
15 empty spaces of the standard cells In respective 

predetei>miiied cell rows, the channelless standard cells 
in which the frea areas as the wirin^^ channel regrions 
between |the plurality of cell rows can be removed and 
respective ceil rows are disposed adjacently mutually. 
20 According to a first feature of tho present invention, 

the mt0. array basic cells are arranged preliminarily in 
the eoapty spaces In which the standard cells are not 
arranged, and th€n the circuit chanjgre is made by use of the 
basic c^lX^ when demand for circuit changr© is generated. 
25 Therefor.et various circuit chang:e can be implemented only 
by changing' the overlying wiring: patterns with no Influence 
on the "underlying: patterns" of the standard cells, so that 
turn arohnd time can be shortened. In the LSI 
manufacturing process, since it takes a lot of time to foi-m 
30 the polyisilieon jOfate regions and the source/drain regions 
below the wiring layers, development time of the integrated 
circuit can be extremely reduced by nefflecting- such change 
of underlying: patterns when the desifi;n change or 
stpeclfieation ch&nge occurs* Furthermore, intermediate 
3S buffers 0an be arranged easily by Eieanss of combinations of 
the standard cells and the basic cells to increase the 
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driving; capability and to suppreas the clock skew. In 
addition, If the standard cells and the basic cells are 
arraa&ed: pursuant to the Bsme grid system, or If heights of 
both recrt^ngular patterns are arranged to coincide with 
S each other and design specifications are arranged to mate 
with each other, sttxed standard cell and basic cell layout 
can foe facilitated and also constraints in arrang-ezaent and 
routing can be relaxed widely in contrast to the prior art. 
A secoud feature of the present inyentlon relates to a 

10 larg:© sc^le circuit system including Hiemorles, CPU core> 
ALU, A/D: converter, D/A converter, display, and various I/O 
circuits 4 In other words, ohe second feature of the 
present invention resides in that a lo^ric circuit area (a 
logic block) havixise mixed standard cell and ^ate array 

IS la:s'out aBd a megracell (and/or a meg-afiinction) are provided 
on A saaie semiconductor chip (LSI chip)* Where the term 
"megraceil" means the cell which has fitted layout pattern of 
the cell, and the representative megaceli is memory such as 
ROM or RAM, multiplier, etc. whose performance depends on 

20 the layout. The term "megraf unction" means the circuit 
which can be implemented by combination of macrocells on 
the iayoiit though it is treated theoretically as a lump of 
cells, atcd the representative megraf unction is ALU, CPU 
core, etc, whose chip integration de^rree is affected by 

25 connection relationship between the megraf unction and other 
blocks* 

In the prior art, the LSI chip in which the me^acells, 
etc, and ifehe logic circuit areas {log:ic blocks) are mounted 
on the saaie chip has been proposed. However, In this case, 

30 only the standard cells or only the gate array basic cells 
are spread over entirely in the logic circuit area» Hence, 
in the large scale circuit system, if the specification 
changes or design changes are requested, pa,tterns of 
underlying ^ate polyslllcon regions and source/drain 

35 regions must be changed and accordingly a series of process 
steps such as Ion-implantation, oxidation, CVD, RIE, etc. 
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must be i executed a^ain* Thus, the turn around tlaje is 
prolong'^d and therefor^j such approach cannot quickly 
respond to design chani^e, specification change of the 
integratied circuit. 
5 According? to the second feature of the present 

invention, the grate array basic cells are arranged 
prsiiminkrily in the empty spaces in which the standard 
cells arfe net arrang^ed in the logic circuit area, and the 
circuit ishan^e can be made by use of the basic eell$ when 

iO desaand for circuit change is g-anerated. Therefore, vartoues 
circuit ^haiige can be Implemented only by changing: the 
metal wiifin^s with no inflttence on the circuit 
configuration of the standard cells. In other words, there 
Is no need for executing ion-lmplaatatloa process of the 

15 underlying: layer, etc. once a^ain and various circuit 

changes clan be enabled only by changring the overlying metal 
wiring layers* so that development terin can be shortened. 
In addition » if specifications of the standard cells SC and 
the basic- cells GC are mated with each other to be arranged 

20 on the sajtne grid* mixed standard cell and basic cell layout 
can be facilitated and also constraints in arrangement and 
routing can be relaxed widely In contrast to the prior art, 

Espe<?lally, the gate array basic cells have such a 
disadvantage tfe^t sometimes power consumption cannot be 

25 reduced by reducing the transistors according to 

specification since slises of the transistors are fixed » In 
contrast, Isince sizes of the transistors can be varied even 
if the heiight of the cell is fixed, pow^r consiunptlon in 
the standard cells can be reduced by reducing the sizes of 

30 the translators according to requested specifications. 

Hence* power consumption of overall LSI chip can be reduced 
by combining the gate array basic cells with the standard 
cells appropriately* In other words, both the feature that 
high Integration density of the standard cells and low 

36 power consumption can be made easy by mixedly mounting the 
standard c6lls and the gate array basic cells in the logic 
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circuit area (log^ic black} and that flexibility in circuit 
desiii:a can be enhanced, and the feature that enables short: 
develdpm^xit period of tlia« of the arate array can be 
achieved commonly. Furthermore. It Is similar to the first 
5 feature that Interoiediat^ buffers can he arranged easily by 
means of combinations of the standard cells and the basic 
cells to increase the dririn^ capability and to suppress 
the clock skew, Likewiise, according to the second feature 
of the present invention ♦ Improvement in characteristics of 

10 the larg-e scale LSI chip such as calculation time, power 
consumption, etc. and high integration density can foe 
facilitated and in addition flexible circuit design can be 
achieved* And, the turn around time can be shortened since 
such approach can quickly respond to the design chang-e* 

IS other and further objects and features of the present 

invention will become obvious upon an. understanding of the 
illustrative embodiments about to be described in 
connection with the accompanying drawing:s or will be 
indicated- in the appended claims, and various advantages 

20 not referred to herein will occur ro one skilled in the art 
upon employing: of the invention in practice, 

BRIEF DESCRIPTION QF THE DRAWINGS 

25 FIG-i Is a plan view showing: an overall configuration 

of an integrated circuit chip uain^ a standard cell layout 
in the pritor art; 

FlO.fe is a plan view showing an overall configuration 
of an embedded array chip in the prior art; 
30 FIGs,3A to 3D are plan views ghoifring' various 

configurations of integrated circuits usiu^ a hybrid 
standard cell architecture according: to a first embodiment 
of the present invention; 

FIG*4A is a plan view showing a tree and branches to 
35 arrang^e intermediate buffers to suppress clock skew. 

FIG*4B is a plan view showing an arranj^ement of 
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Intermeidiate buff'ers after speculation of FIG-4A to 
suppress clock skew in the inte^rat^d circuit usin^ the 
hybrid standard call architecture aecordinsf to the first 
embodiJifent of the present invention; 
B FIGs,5A to SC illustrate an integrated circuit 

according to a first example of the first embodiment of the 
present invention, wharain is a plaxi view showing 

patterns of underlining layers » FIG -SB is a plan view 
showing overlying metal wiring layers formed on the pattern 

10 shown in FIG.SA, and FIG*5C Is a view showing an equivalent 
circuit: of the circuit shown in FIG.5B; 

Is a plan vicsw illustrating a configuration of 
an integrated circuit using the hybrid standard cell 
architecture according: to a second example of the first 

15 embodiffifent of the present invention; 

Fife* 7 is a plan view illustrating a configuration of 
an mtei^rated circuit using the hybrid standard cell 
architecture according to a third exaxaple of the first 
embodiment; of the present invention; 

20 Fi;'G*8 is a plan vi^iw illustrating a configuration of 

an inte'^rated circuit using the hybrid standard cell 
architecture according to a fourth example of the first 
embodiment of the present invention, wherein jBodifi eat ions 
are Introduced into the circuit configuration shown in 

25 FIG. 7 5 ; 

FiGvS i3 a plan view illustrating- a configuration of 
an inte^«rated circuit ixBlxxt the hybrid standard cell 
architactnre according to a fifth example of the first 
embodiaaent of the present invention; 

30 FIG.IOA is a plan view illustrating: a conf igcuration of 

an integirated circuit using the hybrid standard cell 
archit^i.cture according to a sixth example of the first 
etabodin^ent of the present in^^entlon, wherein grate array 
basic ceils are arranged in empty spaces of channelless 

35 standat^d c^ell; 

FXG-lOB is a plan view illustrating an example in 
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which first to third level metal wiring:s are arranged on 
the couf l^ration shown in FIG.lOAt and 

FIG* 11 is e schematic plan view showingr a pattern 
©rranffement of an interr^ted circuit using a hybrid 
5 standard cell architecture accordinir to a second embodiment 
of the present Invention* wherein meg^acells, megaf unctions , 
and standard cell/^ate array mixedly-iaounted logric blocks 
are tnouated on the same chip. 

10 DETAILEB DESCRIPTION OF THE EMBODIMENTS 

Various embodiments of the present invention will be 
described with reference to the accompanying drawing's* It 
is to b^ noted that the same or similar reference numerals 
15 are applied to the same or similar parts and elements 

throu^h<!?ut the drawings, and the description of the same or 
similar parts and elements will be osaltted or simplified, 

[F|RST EMBODIMENT] 

20 FI0.3A is a view showing a conf igruration of an 

integrated circuit using a hybrid standard cell 
architec^ture according to a first embodiment of the present 
invention • A feature of the first embodijaent resides in 
that, a^ 6hown in FI6*3A, a plurality of cell rows 

2B consisting of a plurality of standard cells (SCI, SC2, SC3, 
SC4, 2 are aligned on a chip 1 and then basic 

cells 4 ius^d in a gate array are aligxx^d preliminarily In 
respective free areas 3 between the plurality of ceil rows. 
In such ; configuration, circuit design it^ originally 

30 effected: by use of standard cells 2. Exit, if circuit 

changes -such as modification, supplement, etc, are needed 
thereafter, such modification, supplement, etc, are 
impleiaented using transistors in the basic cells 4 in the 
gate array being aligned prelloxinarily , The basic cells 4 

3S may be used at the initial stage of circuit design. 

According to such approach, since the gate array basic 
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ceils 4 arranged as dUMOies ar« prepared in advance and 
such basic cell patterns can be utilized if the need for 
circuit ehajxge arises thereafter, various circuit changres 
caji be made only l3y changing the pattern of axetal wiring 
5 layers . 

Therefore, the circuit chan&e can be siiaply fulfilled ^ 
unlike the standard cell methodoioify In the prior art, 
without requiring the pattern chang:e of underlying layers 
such as source/drain diffusion layer, ^ate polysilicon 

10 lay^r, etc. And various preceding stage steps such as ion- 
implantation, QVD, RIE. «to. accoiapanled with such pattern 
Changs are not required in the first emhodiment. As a 
result, the circuit change caused later can be implemented 
esasily and itx a short period of time without deteriorating: 

IS a margin in circuit desigrn characteri$tic to the standard 
cell methodology. And other advantages of the standard 
call approach, such as the size and nuiaber of the 
transistors can he selected arbitrarily are also 
maintained. Since the basic cells 4 are arranged in the 

20 free areas 3 of the standard cells 2, the standard cells 2 
and the basic cells 4 can also be simply mixedly-mounted to 
have no influence upon positions aiid circuit performances 
of the liiitially arrang^ed standard cells 2 rather than the 
approach ' that the basic cells 4 are artrangred instead of the 

25 standard ccells 2 in locations in which the standard cells 2 
are to b^ arranged initially. 

The ; gate array basic cells are arrani^ed only between 
cell rovru in FIG.3A, but the present Invention is not 
limited to th^ ease shora in FIG.3A* Normally the cell 

30 rows made of the standard cells include empty spaces 33 

therein.; Accordingly, as shown in FIG,3B, the basic cells 
maty also^foe arranged in the eiapty spaces 33 between the 
standard i cells 2 in respective cell rows* As shown in 
FIG.3C, the basic cells may also be arranged only in the 

35 empty spaces 33 between the standard cell^ 2. The 

arrangement of the basic cells in FIG.3C becomes more 
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effective in FIG,3t) which shows a Qtandard cell spread-over 
type plaibar pattern. Since no wiring tshaimsl rs^ion 3 is 
provided in FIG » 3D, an integration density can be extremely 
enhanced. 

B The' basic cells 4 arranged preliminarily as above can 

be utilized to not only change circnit specifications 
merely hut also further improve performances of the 
circuit. For example, the basic cells 4 may be utiilasd in 
the circuit farmed on the chip 1 so as to construct 
10 intersmediate buffers for distributing a clock algr^al 

supplied from a clock driver 51. Normally a tree structure 
circuit layout as shown in FIG.4A, etc* are employed to 
y suppress clock ske-a* of the circuit, but delay times up to 

^ end terminals of the circuit depends upon circuit scales of 

15 respective branches in the tree structure and the 
l4 arrangement of the standard cells cons fcituting: the circuit, 

y Hence, prediction of the delay tinses is extremely difficult 

W before the standard ceilis are arranged, so that the circuit 

configuration to distribute the clock signal must be 
fij 20 estimated and then changed in many easest after the standard 

fU cells h^ve been arranged* In such case, if the gate array 

basic cells 4 are arrang-ed in the free areas 3 and/or empty 
Q spaces 33 of the standard cells 2 previously, intermediate 

buffers 52, 53,»,., 58,*,. may be foriaed by use of the 
25 basic cells 4 arranged previously as shown in FIG. 4B< As a 
consequence, the intermediate buffers 52, 53,..,, 58,* to 
suppresis the clock skew can be easily forsied without 
changiAiT the circuit arrangement which is orlirinally 
coiaiposed of the standard cells 2. 
30 As the result of esaalnation and evaluation of the 

circuit performances executed after the circuit has been 
conetriicted with the standard cells 2, if it has been found 
that drive capability or the delay time is insufficient, 
the cijpcult can be changed isuaedlateiy by using: the 
35 standard cells 2 and the cate array basic cells 4 in 

combination* In other words, the circuit with the optiiaal 
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drive capability and optisial delay time can he easily 
constructed only by changing the metal wiring layer 
patterns without ehanging the circuit constructed up to now 
or adding the standard cells n^wly. 

A first example according: to the first embodiment of 
the present invention shows a layout pattern when heights H 
of outsijie dlmenslor?^ (a heig:ht H and widths Ws, Wg:} of the 
standard cells and the basic cells are Jsade equal in the 

10 conf ijgrurittion shown in FIG.SC or 3D. In other words, 

F10.5A is a plan view showing patterns before wiring layers 
ara formed in the pattern layout obtained when the heigrhts 
H are sBt to be equal* FIG* SB is a view showing a 
situation where metal wiring layers are formed on the 

IB patterns shown in F2G.5A to have power supply terminals 

(power supply wiringrs) on the saine vertical locations in a 
plan Vie^, In FIG* 58, the sT:axidard cells constituting^ two- 
input NAI^D gates 5 by use of CMQSs and the ^ate array 
primitive cells constituting inverters Q by use of CM03s 

20 are arran^^e in adjacent. Where the tarm "primitive cell" 
laeans a cell In which metal wiring; layers are formed on the 
"ba^ic ceil". Both cells are Identical as pattern 
locations; on the chip althoug*h they are different patterns 
in time series. In other words, the term "basic cell'* is 

25 used in FIG,5A and the term "primitive cell'* is used in 

F1G.5B* but both cells being: arrangred in the same locations 
are substi^tntlally identical to each other. However, the 
cell on which the metal wiring: layer is not formed yet in 
succeeding stages in time series is still called as the 

30 "^baslc cell"* FIG,5C is a representation of an equivalent 
circuit of the layout shown in FIG,5B* 

Ab s^pwn in FIG. 5A, in the first example according to 
the first iembodiBient of the present invention, an n well 
region 98 of the standard cell and an n well regrion 9a of 

35 the gate array basic cell are arranged to be overlapped 
partially-' Also, a p well region 95 of the standard cell 
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and a p ^^ell region 97 of tixe g:ate array basic cell are 
arranged to be overlapped partially. In other words, the 
standard cell S ^ith a height H and a width Ws and the sate 
array l?aslc cell 6 with a height H and a width are 

5 arranged' to be orerlapped partially* A source region 
T5S. a pr drain region and an n" contact region 77 are 

formed in the n well vision 96 of the standard cell 5. An 
n* source region T6S . an n* drain region T8D, and a p" 
contact region 78 are formed in the p well region 95 of the 

10 standard cell 5, Further, common i^ate polysUlcon regrions 
64. 65 ara formed orar both the n ^^11 regrion 96 and the p 
well r^^ion 95. Similarly, a p" source region 71S, a p"" 
drain rei|rion 71D, an n^ contact region 73, and a gate 
polysiilcon region 61 are formed In the n well region 9B of 

15 the gate array basic cell. An n* source region 72S, an n'^ 
drain region 72D, and a p^ contact re^gion 74, and a irate 
polysilicon rejgloa 82 are fornied in the p well region 97 of 
the grate array basic cell^ 

As Shown in FIG.5B, the source region 71S in the 

20 g:ate array primitive cell 6 and the p" source region 75S in 
the standard cell 5 ar$ connected to a high potential power 
supply wiring <VDD) 9 which is provided on a line disposed 
on a sanite vertical po^^ition in a planar pattern via contact 
holes 382. BBB, 391- Also, the n" source region 72S in the 

25 gate array primitive cell 6 and the n* source regrion 7es in 
the standard cell 5 are connected to a low potential power 
supply wiring (VSS) 10 which is provided on a line disposed 
on a BBm vertical position in a planar pattern via contact 
holes Ssis, 397. 

30 An inverter in the gate array primitive cell is made 

up of a pMOSFET Qi and an mMOSFET Q2. A wiring 351 which 
connects! a polysilicon gate electrode ex of the pMosFET Qi 
to a polysilicon gate electrode 62 of the i^MOSFET a2 via 
contact holes 384 mutually acts as an input terminal C 

35 of the inverter. A wiring 352 which connects a p* drain 
resrion 710 of th« pMOSFST Qt to an n" drain reg:ton 72D of 
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the nMQSFET Q2 via contact holes 381, 385 mutually acts as 
an output terislnal X of tiie inverter » 

A two-Input NAND fomed in the standard cells ooxisista 
of two pMOSFETs QS, OA which are connected in paral.1^1 to 
5 the higlk potential power supply wiring (VDD) 9 and two 

nKOSFETfit QS, 46 which are csonnected In series between a p" 
drain r^^ion T5D cotcmon to the pMDSFETs Q3, Q4 and the low 
pot^^ntial power supply wiring fVss} 10* A metal terminal 
354 whlcjh is connected to a polysilicon gate electrode 84 

10 common to the pMOSFET QS and the nMOSFET Qo via a contact 
hole 392; serves as one input terminal A of the two-iuput 
NAND* ^ metal termlnai 355 which is connected to a 
polysilicon ^ate electrode 6S common to the pMOSFET Q4 and 
the I5M0SFET via a contact hole 399 servess as the oth^r 

IS input terminal B of the two-input NAND. A wiring 353 which 
connects': a p* drain reg:ion 75D eoiamon to the pMOSFETs 03 . 
Q4 to an source reg*lon 76S of the nMOSFET <15 via contact 
hole«i 39$, SSa mutually serves as an output terminal Y of 
the two-input NAND* 

20 With such conf Igraration, since the height (H) of 

outside diiaeasions of respective cells, vertical positions 
of the hlgrh potential power supply wiring (VDD) S and the 
low potential power siupply wiring (VSS) 10 are desijpied to 
be identical, respectively, the basic cellos can he arraj^L^ed 

2S readily bet^^en the standard cells. In addition^ since 
power sufiply Wirlng^s 9, 10 of both cells are caused to be 
connected only by arrang:ing both cells5 adjacently, 
connection of the power supply wiring's can be easily made. 
Further, ;«igaai wiriug^s other than the power supply wirings 

30 may be formed to he identical in vertical position on the 
plan viei^ shown FIG.5B. In such case, it is feasible to 
connect eksily the signal wiring^s of both cells to each 
other- 

35 FIG, 6 is a plan view Illustrative of a conf lg:uration 

of an integrated circuit using: the hybrid standard cell 
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architecture according to a second example of the first 
embodimeant of the present IjDVention* As shown in FIG. 6, 
standard cells SCI to SC4 of four types having a uniform 
height but different widths are arranged on a semiconductor 
5 chip. A feature of the second example is that the ^ate 
array basic cells GC which are designed to have the same 
height as the standard cells SCI to SC4 are selectively 
arranged, in a free area 14a which has a height higher than 
those of ; the standard cells SCI to SC4 (i.e., h^tg-hts of 
10 cell rowp 13a, 13b. 13c) out of free areas 14a, 14b be^weerJ. 
the cell, rows 13a, 13b, 13c in which the standard c^lls SCI 
to SC4 ai^e arranged. In addition, one gate array basic 
Q cell GC Is arranged in the cell row 13a, four gate array 

ffl- ' i 

;^ basic cells GC are arrangred in the cell row 13b, and one 

Ch 15 gate array basic cic^ll GC is also arran^-ed in the cell row 

ijf 13c. Th^ase basic cells GC are deslgxied to have the «aine 

o = 

L'l height as the standard cells SCI to SC4 and to be connected ; 

in to the high potential power supply wiring (VDD) 11 and the 

: low potential power supply wiring (VSS) 12 at the same 

20 vertical ' location as the standard cells SCI to SC4. i 

fli In FIG. 6, other signal wirings except power supply : 

^ wtringEJ 11, 12 are oasltted. In such second example, 

similar advantages to those in the above first embodiment 

can be achieved,, 

25 EKH^SPLE 3 

FIG*:? is a view illustrative of a configuration of an 

integrated circuit using the hybrid standard cell . 

architecture according to a third example of the first | 

embodiment of the present invention. As shown in FIG.T, 

30 the third example is characterized In that the gate array 

basic cells GC which are designed to have the same height 

as the standard cells BCl to SC5 are arranged in the free 

areas 16 ibetween the cell rows 15a, 15b, 15c in which the 

standard : cells SCI to SC5 of five types having a uniform 

35 height bnt different widths are arranged. In addition, one 

gate array basic cell GC Is arranged in the cell row 15a, 
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four ^ate array basic cells GC are arranged in ^he cell row 
ISb, an(J one gate array Dasic cell GC Is also arranged in 
the cell row ISc. The height of these basic cells GC which 
are Inserted into the cell row$ 15a > l^b, 15c respectively 
5 Is designed to be identical to those of th^ standard cells 
SCI to SC4. The hig-h potential power supply wiring {VDD) 
11 and tfhe low potential power supply wiring (VSS) 12 of 
the basic cell^ GC which are inserted into th^ cell rows 
15a, 15b, 15c respectively are desig^ned to be provided at 

10 the sam^i vertical location as the standard cells SCi to 

SG4, In FIG. 7, in the cell row 15b, the standard cell SCli 
is connected to the standard cell SC4 via a wiring: si and 
also the standard cell SC4 is connected to the standard 
c^ll SCla via a wlringr si2. In the cell row I5c, the 

15 standa^rd, cell SC3 is connected to the standard cell SCI3 
via a witinff s5 and also the standard cell SCla is 
connected to the standard cell SC2 via a wiring sS. 

In the design process of the standard cells which have 
the fres. areas 16 between the cell rows, as shown in FIG. 7, 

20 the heigiit of the free areas 16 between the cell rows or 

the height of the standard cslls is variable. The standard 
cell desiirn methodology has such an advantage that a size 
of the transistor can be selected freely to carry out the 
pattern design according to user's specifications from the 

25 initial sstage and optimization of wiringrs to connect 

respective standard cells can be facilitated. Since the 
standard cell design methodology has such marg-in in desigr., 
the heiirlit of the standard cell is in general lower than 
that of the ^ate array basic cell. If the height of the 

30 gate array hasic cell is lower than that of the cueimon gate 
array basic cell, a difference in feexgrht between the 
standard cell and the sate array basic cell can be reduced, 
BO that an Increase In area can be made small even if the 
basic cells are mounted mlxedly with the standard cells. 

35 Therefore, If the standard cells each has a smaller width 
and a substantially same area as the ^ate array basic cell 
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are substituted initially by the gate array basic cells, tis 
shown id FIG. 7, the number of the basic cells usable for 
circuit iaodiricatlon can be increased when such circuit 
modif icatioil is needed, so that chan^in^ operation in 
5 ciesig;ii can be facilitated* As a result, if desigru changre 
is requested in the course of design, such design chanfire 
can be satisfied only by changing' the wiring' layer fonalnir 
step et saq, and therefore a time consumed to modify the 
circuit !can be lessened. If there exists location where 

10 replacement of the standard cell will be expected later in 
the cell" rows I5a, lob, 15c even when the area of the 
standards ceils is not the same as the ^ate array basic 
cell, the basic ceil GC may be arranged previously in such 
location in pi ace of the standard cell* In this case, 

15 chanffinir; operation in de^i^ can also be facilitated. 
EXAIBPLE 4 

In the above third example, the basic cell arrays GC 
which are arranged In the free areas 18 in the layout 
pattern fehown in FIG. 7 have not been mentioned* FIG. 8 is a 

20 view lllpstratlve of an example (fourth example of the 

first emibodisient of the present invention) wherein circuit 
chemg« Is effected by changing: the wiring step et seq. with 
tho use of the basic cell arrays GC which are arrangred in 
the free, areas 16. In FIG.T illustrative of the third 

25 example,! in the cell row 15b, the standard cell SCli has 
been contiected to the standard cell SC4 via the wiring si 
and alsoi the standard cell SC4 has been connected to the 
standardjcell SClir via the wiring s2. On the contrary* 
aceordln^r to the circuit change In the fourth example, the 

30 basic ceil array GCi arranged in the free area 18 is 
employed! instead of the standard cell SC4* Namely, the 
basic cell array GCi and the standard cell SCli are 
connected via a wiring s3> And also the basic cell array 

GCx and the standard cell SCia are connected via a wiring" 

i 

35 s4* Hence, the wirings si, e2 shown in FIG. 7 are 

eliminated. The high potential power supply wiring' (VDD) 
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17 of tb^a basic cell array GCx arrangred in the free areas 
16 eonnect^d to th^ high potential power supply wlrin;^ 
11 in the cell row 15b via a wiring: 18, Similarly, the low 
potential power supply wiring {VSS) 19 of the basic cell 
5 array GC^ is connected to the low potential power supply 
wiring: 12 In the cell row 15a via a wiring 20. 

Furthermore, according to the circuit change shown in 
FIG. 7, in the cell row 15c, the standard cell SC3 has been 
connected to the standard cell SCls via the wiring s5 and 

10 also th^, standard cell SCI3 has been connected to the 

standard, cell SC2 via the wiring s8* On the other hand, in 
the fourth example, as shoT^Ti in FIG. 8, two basic cells GCa^ 
arranged in the ceil row 15b are employed instead of the 
standard cell SCl3> In other words, in FIG. 8, the basic 

15 cell GCa and the standard cell SC3 are connected via a 

wiring s7 and also the basic cell GC3 and the standard cell 
SC2 are connected via a wiring s8, thereby eliminating' the 
wirings bB, s6* The wiring layers for the standard cell 
SC4 in the cell row ISb and che standard cell SCI3 in the 

20 cell row 15c, which are not used, are removed. 

As apparent from the third and fourth examples, 
according to the first embodiment of the present invention* 
circuit modification can be Iffiplemented only by chan^inir 
the wirilJ^s so that circuit change can be achieved easily 

25 and in a short period of time* In addition, a semicustoia 
ASIC cant: be constructed by employing the standard cells and 
the baislc c^lls on the same semiconductor chip* 

FI<3>9 is a view illustrative of a configuration of an 
SO integrated clrcnit u^lng the hybrid standard cell 

architecture according to a fifth example of the first 
embodiiaetit of the present invention. 

Xn 3Fia*9, a wiring ^rid 26x-26y is formed on the 
standard; cells 23 {areas surrounded by a thick solid line 
35 and shaded by lef t-upwardly oblique lines) arranged in th*3 
cell rows 21, 22 and the srate array basic cells (areas 
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s*urroun4ed by a thick solid line ana shaded by rlg^lxt- 
upwardly oblique lines) 25 arranged in tbe free area 24. A 
feature iof the fifth exaiaple resides In that g^eometrical 
relationship between the standard cells 23 and the basic 
5 cells 2^ along vertical lines ar^ adjusted such that the 
wirings ^having a fixed width can be passed through vertical 
liKe groups Xi, x*,..*. Xax.... of the wiring grid 2ex''2By 
not to generate difference in level at the cell row 21* the 
free area 24, snd the cell row 22- It is of course that, 

10 like the' second to fourth examples ^ left do right relatloM 
are adjusted along the lateral lii?.e grroups ji , y^ ^ * . . , 
yis,**.*; In other words, la the integrated circuit using 
the hybrid standard cell architecture according to the 
fifth example of the first scibodiment of the pres^snt 

IS inventiop, the standard cells 23 and the basic cells 25 are 
arranged' pursuant to the sam^ wiring grid system 26X'-26y* 

Acc^>rdiag to such fifth sxample, the metal wirings on 
the gate; array disposed in the free area 24 between the 
ceil rows can be easily laid along the wiring grid 26x-2Sy. 

20 In addition, if the outside disiensions of the standard cell 
23 (height H and widths Wx , W^ , W^****) are designed based 
upon the outside dimension of the gate array basic cell 25 
{height H and weight W^^} as basic unit, constraints on the 
arrangeiaent and routing can be relaxed further and 

23 therefore their mixedly motmting can be facilitated. For 
example, I the circuit may be desigixed such that the widths 
Wx , Wst, Wa,*.. of the standard cells 23 are integral n 
multiple Un^l, 2, 3,.,.) of the width W<3 of the gate array 
basic ceil 25, 

30 ESAHPLE 6 

FIG*;10A shows a sixth example wherein the first 
embodimeiit of the present invention is applied to an 
arrangement of charmelless type standard cells. More 
particulirly, the gate array basic cells GC are arranged in 

35 the empty spaces 33 on the arrangement pattern of the 

standard icells SC-.x, SC^^s, SCsi, SC»a , SCsit SC^x. SC^a* 
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such advantages can be accomplished that integrration 
density can.be improved by spreading the chatinelless 
standard; ceils all over the surface and wiring design can 
be made easy because no fixed wiring area remains, and in 
5 addition; the circuit change can be very facilitated sl,nce 
the gate: array basic cells are provided in the periphery. 
Like the fifth embodisaent , the standard cells &C-,x, SCia, 
SCai, SCa. SC3X, SC-ix . SC*3 and the sate array basic cells 
GC are arranged pursuant to the saae wiring grid xi . 

10 Xz...., xao,...; yi . y» yar.... 

FIG.IOB is an example in which metal wiring layers are 
formed by use of the wiring: grid Xi , Xa, - - • . x^c. ... J y^ . 

yar,... with respect to the uaderiying pattern 

shoi?n in FIG.IOA. As show in FIG.lOB, the high potential 

15 power supply wirings <VDD) ll and the low potential power 
supply wiring {VSS) 12 are placed along boundaries between 
upper cell rows and the lower cell rows as the power supply 
wirings cononon to the upper and lower cell rows 
respectively. The high potential power supply wiring (VDD) 

20 11, the :;low potential power supply wiring (VSS) 12, and 
horiaon1:al wirings 501. S02,.... 516 constitute the first 

level mestal wiring. Horizontal wirings 401, 402 415 

constitute the second level metal wiring, and vertical 
wirings leOl, 602,..., eia constitute the third level metal 

25 wiring. Connection between these first level metal wirings 
and the standard ceils or the gate array basic ceils , 
connection between these second level metal wirings and the 
standard cells or the gate array basic cells, connection 
between ^the first level metal wirings and the second level 
30 metal wirings, connection between the second level metal 
wirings and the third level metal wirings, etc. are made 

via contact holes (or via holes) 701, 702 737 provided 

in respective underlayer insulating films which are formetd 
below these wirings or between these wirings. FIG.lOB is 
35 an example and therefore it is needless to say that the 
fourth level and further upper level metal wirings may be 
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proTlded. 

{SSCONS EMBODIMENT] 

Fid. 11 is a view showing a conf iruratioix of overall 
5 integrated ciretiit eHip usingf the hybrid standard cell 
architecture according xo a second emhodlment of the 
present invention. The second embodiment of the present 
Invention is concerned with a large scale circuit system, 
in whlei> memories. CPU core, ALU. A/D converter, D/A 

10 converter, display, and various I/O circuits are included. 
In the large scale circuit system such as recent LSIs for 
multimedia application, miscellaneous subsystems are 
mounted with logic circuit on a same LSI chip, and the 
second ^labodiment of the present Invention explain the 

15 large scale circuit system. More particularly, an LSI will 
be explained wherein lEegacells 213 such as ROM, RAM, etc., 
megaf unctions 211. 212 such as ALU. CPU core. etc.. and 
logic circuit area (logic blocks) 231 are mounted on the 

1 

same semiconductor ehip- 

20 In ■the logic block on the LSI chip 1 shown in FIG. 11, 

the «at4 array basic cells GC are arranged in The empty 
spaces of the standard cells SC while usinff channelless 
standard cells as the basic elements. In the prior art. 
the pattern arrangement of similar mixed type LSI chip 

25 which i^ called as the embedded array have been known. 
However* since either the gate arras' basic cells or the 
standard cells are spread all over the logic block in such 
embedded array, the underlylnir patterns must be changed or 
ion-iapiantation, etc. must be executed again if the 

30 circuit! Changs is needed. As a consequence, a long period 
of time! has been required to design and manufacture the 
circuit* 

In -the second embodiment of the present invention, as 
shown ia FIG. 11, ths gate array basic cells GC are arrangfed 
35 prellBiiiiarlly Xn the empty spaces in which the standard 
cells SG are not arranged in the logic block 231, and the 
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circuit change Is iiade by use of the basic cells GC. 
Therefore, various circuit change can be implemented only 
by chaiiirln.g the wirlnsrs with no influence on the circuit 
conflfiTuration of the standard cells, so that turn around 
5 time can be shortened* In addition, if specifications of 
the standard cells SC and the basic cells GC are mated with 
each other to be arrangred on the same grid, mixed standard 
cell and basic cell layout can be facilitated and also 
constraints in arrangement and routinir can be relaxed 

10 widely in contrast to the prior art. 

Especially, the ^ate array basic cells have such a 
disadvantage that sometimes power consumption cannot be 
reduced by reducing the transistors according to 
specif icatlonst since sizes of the transistors are fixed* 

15 In contrast, since sizes of the transistors can be varied 
even if the height of the c^ll fixed, power consumption 
in the standard cells can be reduced by reducing: the sizes 
of rhe transistors^ according to requested specifications. 
Hence, power consumption of ov^erall LSI chip can be reduced 

20 by combining the g-ate array basic cells with the standard 
cells appropriately. Furthermore, it is similar to the 
first embodiment that intermediate buffers can be arranged 
easily by means of combinations of the standard cells and 
the ^ate array basic cells ro increase the driving 

26 capability and to suppress the clock skew. 

In i the second embodiment of the present invention » it 
is a matter of course that the structure which has the 
wiring channel retrions explained In the first embodiment 
may be adopt^ed as patterns in the lo^ic block 231* Of 

30 course,; the structures explained in the first to sixth 
example of the first embodiment may be applied to the 
second embodiment . 

Whether a total occupied area of the standard cells SC 
in the loffic block 231 or the ^ate array basic cells GC is 

35 set larger iB a matter of choice. A ratio of total areas 
may b^ ^elected depending upon circuit specifications. 
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Various moaif icatioTXs will become possible for tlio&e 
skilled in the art aft^r receiving the teachings of the 
present disclosure without departing from the scope 
thereof . 
5 
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WHAT IS CLAIMED IS: 

1- A s^eKfti custom integrated circuit comprising:: 

(a) a plurality of cell rows, in each row a plurality 
5 of standard cells are arranged; aad 

(b) gate array basic cells foriaed in an empty space of 
a predeterjalned cell row of the plurality of ceil rows. 

2* The integrated circuit of claim 1, wherein respective 
10 standard cells are formed on a basis of a rectangular 
pattern regrion havtni^ a predetermined height and a 
predetermined width, and the ba^ic cells are formed on a 
basis of a rectangular pattern having a heig-ht 
substantially identical to that of the standard cells, 

15 ; 

3, The in-cegrrated circuit of claim 1, further cosiprisins^: 

^ate. array basic cells formed in wiring: channel 
reglo:as disposed between the plurality of cell rows, 

20 4. The integrated circuit of claisi 1, wherein respecti%'e 
cell rows' are arran^^ed adjacently. 

5, The Integrated circuit of claim 3, wherein the basic 
cells fomed in the wiring channel rei^ions are formed on a 

25 has lis of a rectanrular pattern having a height 

substantially identical to that of the standard cells » 

6, The Intejg'rated circuit of claim 3* wherein the 
standard cells and the basic cells are arranged adjacently 

30 alon^ a direction orthogonal to the cell rows, 

7, The integrated circuit of claim 4, wherein the 
standard cells aad the basic ceils are arrang'ed adjacently 
along: a direction orthogonal to the cell rows, 

35 

S. The integrated circuit of claim 3> wherein the 



-27- 



'97-12-22 16:13 %4fe-202fi7?5399 ^ MsTt-mmi & nvm T-356 P 047 U- 



standard; cslls and the basic cells wUich are atrran^ad 
adjaceatly along a dlrectioa orthogonal to the c^ll rows 
have Qormon signal lines- 

5 9. The integrated circuit of claim 4. wherein the 
standard cells srtd the basic cells wMch are arranged 
adjacently alon^ a direction orthogonal to the cell rows 
havo coinmon sisrnal lines , 

10 10, Tha integrated circuit of claim 2, wherein the 

standard chilis and the basic cells have coimnon power supply 
lines a^ran^^d alon^ir ^ straight line* 

11, The integrated circuit of claim 2> wherein the 
13 standard cells and The basic cells have common si^al lines 
arrang-ed along a straight line. 

12 • Th^ integrated circuit of claim 2, wherein widths of 
the standard cells ar^ integral multiple of a width of the 
20 basic c^lls* 

13. The integrated circuit of claim 5. wherein widths of 
the standard cells are integral multiple of a width of the 
basic cells. 

25 

14, Thj^ integrated circuit of claim 1, wherein the 
standard cells and the basic cells ar^ arranged parsuaiit to 
a same -grid system* 

30 15. Thi.© integrated circuit of claim 3, whsreiu the 

standard cells and the basic cells are arranged pursuant to 
a saaieigrld system, 

16. The integtrated circuit of claim 1* wherein the bsLSic 
SB cells a^re used to construct intermediate buffers for 
distributing a clock signal to a plurality of circuits 
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whicil are displaced on a semiconductor substrate, 

IT* The Integrated circuit of elalaa 3, wherein the basic 
cells ar« used to construct intermediate buffers for 
5 distributing a clock sigiial to a plurality of circuits 
which ar^ displaced on a s^emi conductor substrate. 

18, The Integrated circuit of claim 1, wherein the basic 
cells ar:e used to construct additional circuits for 
10 increasip^ driviuif capability to drive ]5ig:nal5i transmitted 
to a plu?*allty of circuits disposed on a semiconductor 
substrate . 

IB. The' integjrated circuit of claim 3, wherein the ba^io 
15 cells ar^e used to construct additional circuits for 

increasih^ driving capability to drive sigrnals transmitted 
to a plurality of circuits disposed on a seniiconductor 
substrate • 

20 20 V A sjemicustossi integrated circuit having a log:lc circuit 
area and; at least one of megracell and iaegaf\mction on a 
single aenai conductor chip, the loi^ic circuit area 
comprising': 

(a) , a plurality of cell rows, in each row a plurality 
25 of standard cells are arranged; and 

(b) ^ ^ate array basic cells formed in an empty space of 
the standard cells in predetermined cell row of the 
plurality of cell rows. 

30 21, The; Integrated circuit of claim 20, wherein respective 
standard! cells are formed on a basis of a rectangular 
pattern having a predetermined height and a predetermined 
width, 6^hd the basic ceils are formea on a basis of a 

i 

rectangular pattern having a height substantially identical 
to that of the standard cells* 



-20- 



■4: 



^97-12-22 16:19 ^$£-2026725399 m sSlfTL-filVOSI & MIYOSl T-356 P.0d9 U-5.17 



22. The; integrated circuit of claim 20, further 
comprising: 

^ate array basic cells formed in wiring channel 
regions between the plurality of cell rows. 

I. 

o 

23. The integrated circuit of claim 20, wherein the 
standard cells and the basic calls are arranged pursuant to 
a same ^rid system. 
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ABSTRACt OF THE DISCLOSURE 

Th^ present invention relatss to a eemicustoiB ASIC, In 
which a plurality of standard ceil rows are arranged. The 
S standard ceil and basic cells used In a ^ate array are 

ffiixedly mounted on the same chip, Respective cell rows ara 
aomposed of a plurality of standard ceils with an empty 
space. The basic cells used in the gate array are arrangred 
as dmmy e^Iis- They are disposed in wiring channel 

10 regions between the plurality of standard cells or empty 
spacets between the standard cells in a same standard cell 
row. Oiily the latter niay be used if the channell ess type 
standard cells are ensployed^ A changing request ca.n- be 
satisfied by forming metal wiring layers on the gate array . 

15 basic calls^ when there is a r^ecessity of changing cirealt 
design or pattern* Since the circuit can be modified 
without [change of grate polysllicon regions and source/ drain 
regions underlying: the metal wiring layers-, deslgri^and 
manufacture can be effected in a short period of time* 
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DECLARATION AND POWER OF ATTORNEY 

As a below named inventor, I hereby declare that: 

My residence, post office address, and citizenship are as stated below next to my name. 

i believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint inventor (if plural names are 
listed below) of the subject matter which is claimed and for which a patent is sought on the invention entitled: 

SEMICONDUCTOR INTEGRATED CIRCUIT WITH MIXED GATE ARRAY AND STANDARD CELL 

the specification of which is attached hereto unless the following box is checked: 

IE] was filed on December 23^ 1997 as United States Application Number or PCX International Application Number 

and was amended on (if applicable). 

I hereby state that 1 have reviewed and understand the contents of the above-identified specification^ including the claims , as amended by any 
amendment referred to above. 

I acknowledge the duty to disclose information which is known by me to be material to patentability as defined in Title 37, Code of Federal 
Regulations § 1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code, § n9(a)-(d) or § 365(b) of any foreign application(s) for patent 
or inventor* s certificate, or § 365(a) of any PCX International application which designated at least one country other than the United States, 
listed below and have also identified below any foreign application for patent or inventor's certificate, or PCT International application having 
a filing date before that of the application on which priority is claimed: 
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I hereby claim the benefit under Title 35, United States Code, § 120 of any United States application(s), or § 365(c) of any PCT International 
application designating the United States, listed below and, insofar as ^e subject matter of each of the claims of this application is not disclosed 
in the prior Umted States or PCT International application in the manner provided by the first para^ph of Title 35, United States Code, § 
112,1 acknowledge the duty to disclose information which is known by me to be matenal to patentabihty as defined in Titi<5 37, Code of Federal 
Regulations § 1 .56 which became available between the filing date of die prior application and the national or PCT International filing date 
of this application: 
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Patent and Trademark Office connected therewith: Stephen A. Bent, Reg. No. 29,768; David A. Blumenthal, Reg. No. 26,257; William T. 
Ellis, Reg. No. 26,874; John J, Feldhaus, Reg. No. 28,822; Patricia D. Granados, Reg. No. 33,683; John P. Isacson, Reg. No. 33,715; 
Donald D. Jeffery, Reg. No. 19,980; Eugene M. Lee, Reg. No. 32,039; Richard Linn, Reg, No.25,144; Peter G. Mack, Reg. No. 26,001; 
Brian J. McNamara, Reg. No. 32,789; Sybil Meloy, Reg. No. 22,749; George E. Quillin, Reg. No. 32,792; CoHn G. Sandercock, Reg. No. 
31,298; BernhardD. Saxe, Reg. No. 28,665; Charles F. Schill, Reg. No. 27,590; Richard L. Schwaab, Reg. No. 25,479; Arthur Schwartz, 
Reg. No. 22,115; Harold C. Wegner, Reg. No. 25,258. 
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